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INTRODUCTION. 

This REVIEW treats generally the meteorological couditions 
Of the United States and Oanada for March, 1888, and is  

upon the reports of regular and \roluntary observers of 
both countries. Descriptions of the storms that occurred over 
the north Atlantic Ocean are also given, and their approximate 
Paths shown on chart i, on which also appear the distribution 
Of icebergs and field-im and the limit8 Of fog-bel ts west of the 
fortieth meridian. I n  the  vicinity of Newfoundland the aggre- 
gate quantity of ocean ice reported was largely deficient, 
*en compared with the average for March. 

$he month was colder than the averwe in nearly all dis- 
WtS, the temperature departures ranging from 4O to loo over a 
’%e part of the country. In northern New England, however, 

mean temperatures were considerebb above the average. 
%he rainfall was generally in excess Of thenveerage, although 
there are several area8 in which it mas deficient. 

%he severe storm of March 11-14th forlns the most important 
feature of the month, n full report of whlqh! with special charts 

the attending atmospheric condltlon8, is given herein. 

In the preparetion of th i s  REVIEW the following data, 
received up to April 20, 1888, have been used, viz., the 
regular tri-daily weather-charts, containing data of simulta- 
neous observations taken at  133 Signal Serrice stations and 23 
Oanadian stations, as telegraphed to this offlce ; 180 monthly 
journals and 176 monthly means from the former and 23 
monthly means from the latter : 316 monthly registers from 
voluntary observers; GO monthly registers from United States 
Army post surgeons ; marine records ; international simulta- 
neous observations ; marine reports through the co-operation 
of the Hydrographic Offlce, United States Navy, and the “New 
Pork Herald Weather Service;” monthly weather reports from 
the local weather services of Alabama, Arkansas, Colorado, 
Illinois, Indiana, Kansas, Louisiana, Michigan, Minnesota, 
Mississippi, Missouri, Nebraska, Nevada, New England New 
Jersey, North Carolina, Ohio, Oregon, Pennsylvania, kouth 
Carolina, and Tennessee, and the Central Pacific Railway 
Company ; trustworthy newspaper extracts, and special re- 
ports. 

ATMOSPHERIC PRESSURE (expressed in inches and hundredths). 

Atlantic coast northward of Virginia. The deficiency exceeds 
.10 in the middle and uorthern.Platean districts, on the north 
Pacific coast, and in the Maritime Provinces of Canada; the 
excess ranges from .05 to .l4 iu northern districts from Mon- 
tana eastward to the lower lakes, and from .01 to .05 in the 
central valleys aud Southern States. 

BAROMETRIC RANQES. 
The monthly barometric ranges a t  the various Signal Service 

stations are also given in the table of miscellaneous meteoro- 
logical data. The ranges, as usual, conform to the general 
rule, that is, they increase with the latitude and decrease 
digh tly, though somewhat irregularly, with increasing longi- 
tude. In  the states bordering on the Atlantic the extreme 
ranges are .38 at Key West, Fla., and 1.67 at Nantucket, Maas. ; 
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tlie territory to the north of Montana and Dakota, aud one t c  
t h e  north of Lake Superior. The general direction of move 
ment was first to the southeast arid afterward to the northeast 

The following table sho.ws the  latitude and longitude i t  
which each area was first and last observed, the highesl 
pressure observed within each area, and the average velocitj 

Avcrr~gc 
vclocity. hourly 

Mik-5. 
25.1 
33. : 
16.t 
26., 
41.'  
18. I 
31.: - 

Averiigc rate of progresj, 27.6 rnllev per hour. 
I.-On the morning of March 1st the southern portion oj 

this area is sliomn to Occupy all of the United States between 
the Rocky and Appalachian Mountains. The centre of the area 
was located in the territory to the north of Dakota, where i t  
remained without any apparent change of position, froin Jj"eb 
ruary 29th to March 5th. The pressure at the most northerly 
stations increased uutil the morning of the 3d, reaching B Iieiglit 
of 30.9, afterward it slowly decreased to 30.2 on the sfteriioou 
of the Gtli, and the area moved to the southward until central 
over Arkansas, then to the eastward and finally to the north- 
east, disappearing off thecoast of New Brunswick 011 the loth, 
the contra1 pressure having increased to 30.6. Light rains 
and snow wero frequent within this area of high pressure 
until after the&h, when they were of rare occurronce. A 
cold wave visited portions of the middle and southern slopes 
of the Rocky Mountains and the Missouri Valley on the 2d, the 
western Gulf states and the Ohio Valley on the 3d, and tlle 
middle Atlantic states on the 4th. The minimum temperatures 
of the month occurred from the 1st to the 6th over the northern 
slope of the Rocky Mountains, tho Missouri Valley, Kansas, 
northern Colorado, Arizona, New Mexico, and Indian Terri- 
tory ; the temperature recorded a t  Helena and Port Assina- 
boine, Mont., Fort Buford and Yaukton, Dak., being lower 
than ever observed a t  those stations during any previous March. 
I1 and 1Ia.-At 10 p. m. of the 8th this area of high pressure 

was observed to the llorth of Montana. The area coutinued to 
extend to the SouthCast, and its centre appeared in uorth Dakota 
on the morning of the loth, the pressure a t  the centre being 
near 30.5. During the 10th the movement ~a.3 to the south, 
and on the 11th the area became very much elongated in a 
north and south direction and began to divide into two por- 
tions, one of which was central over tho Indian Territory and 
the other over northern Minnesota. During the morning and 
afternoon of the 12th the two centres remained connected by 
a long narrow area, in which the pressure was but slightly 
lower than at the centres, but the 10 p. in. chart showed tho 
division to be complete. The southern portion disappeared by 
a gradual decrease of pressure, while the northern portion 
assumed a position over Lake Superior, where it remained 
with pressure near 30.6 until the morning of the 14th, after 
which it moved southward with decreasing pressure and dis- 
appeared off the Gulf coast on the 16th. Fair weatber, wit1 
fresh winds, prevailed within the limits of the area. A severc 
cold wave, during which the fall in temperature amounted t c  
30° in twenty-four hours, visited the middle and southern slope8 
on the loth, and the temperature was below freezing. On thc 
morning of tho 11th the cold witvo reached the upper Missis 
sippi valley, the upper lake region, the western portion of t h t  
Ohio Valley and Tennessee, Arkansas, Mississippi, Louisiana 
and eastern Texas, the fall ranging from 20° to 30° in twenty. 
four hours, the temperature everywhere north of Louisiana 
being below freezing. The minimum temperatures of the 
month occurred on the l l t h ,  12tb, and 13th a t  most stationh 

- --___ _- 
in the west Gulf states, the lower lake region, New York, 
Pennsylvauia; at Pensacola, Fla., 011 the 12th; and a t  Mobile, 
Ala., on the 13th. The teuipCri%tUre a t  Fort Smith, Ark., 011 
the I l th ,  and at Norfork, Va., 0.U the 14th, was lower than 
ever before recorded at  those statlous in March. 

III.-This area of high pressure apParently moved eastward 
from the nortli Pacific coast, its Centre remaining' to the north 
of the region of observation. During the 16th it extended to 
the southward over the northern and middle slopes of the 
Rocky Mountains and the MiSSOUri Vah3y, aiid moved east- 
ward during the mornirlg arid afternoon of the lGth over the 
upper Mississippi ralley, after which tho movement of the 
centre was apparently to tho portheast, then to the southeast, 
passing of the coast of the middle Atlautic states ou the morn- 
irig of tho 19th. The prcssure at the centre rexnaiued nearly 
coustaut, 30.4, until 10 p. m. of the 16th, after which i t  de- 
cre:tsed to 30.2. Generally fair mCtithET, with light minds, 
prevailed witliin tile limits of the area, and it mas accom- 
pauied by a fall of temperature over northern Dakota and 
Minnesota of 200 in twenty-four h o ~ r s .  The fall of tempers 
ture was less marked in other portions Of the couutry over 
wliicli the area passed. 

1V.-This area of high pressure ai)lmently moved sou thosst- 
ward from the uortll Pacific coast. Tho aclvaiice isobars sp- 
pearod over Moiltann on the afterno011 Of the 20th; the nrep 
advanced rapidly southeastward, and at 10 1). m. of the 21st it§ 
centre, bounded by the isobar Of 30.4, extended from Texas 
northward beyond the region of observation. At  three stations, 
Fort Sill, Ind. T., Huron, Dak., and &'APPelle, N. W. T., the 
pressure was 30.5. The area maintailled the ceutral pressure 
and, gradually growing more Circular form, passed off the 
coast of the south Atlnntic states 011 the afternoon of the 23d. 
I t  was accompanied throughout its Course by fair meather and 
light winds, oxceptillg orer the Lake regrioli 011 the 224 when 
light mows occurrod and the wind attained maximum veloci- 
ties of thirty-five miles, due to the iuflueuce of an area of 
low pressure then celltral over the New Eugl~lld States; also 
by a cold wave, which caused a fall Of 30' ill twenty-four llours 
on the 21st over eastern Montaua, northern Dakota, and 
Minnesota, and, on the morning of the 23d, over northern 
Michigan, the temperature golng below zero. The wave be. 
came somewhat less marked as it moved southeastward over 
the upper Mississippi valley, the Lake region, tlie Ohio Valley, 
and the middle Atlantic states. OU the morning of the 23d 
freezing temperatures were experienced as far south as Mont- 
gomery, Ala., Atlanta and Savannah, Qa. The lowest tern- 
perature of the month occurred at nearly all stations in the 
upper Mississippi valley on the 22d ; O T O r  the u1)lier lnlre regiou, 
the Ohio Valley and TonneSSoe, the South Atlautic and east 
Gulf states on the 22d and 23d. 

V.-This area of high pressure dewloped after the 7 a. m. 
observation of the 23d on the Ilortherll boI'der of the area just 
described. Its centre wits appa?'eutlJ- located iiorth of Lake 
Superior, where it remained uutll the afteruoou of the 24th) 
the area having gradually extended to the coast of the middle 
Atlantic, states. After this its movement mas to the southeast 
until ceutral on the coast of Now Jersey, then to theiiortlleast 
the pressure increming from 30.5, which had been maintained 
from the timo of its forination, to 30.6, and i t  passed to the 
Gulf of Saint Lawrence after 3 1). m. of the 27th. Light snows 
occurred in the southern part of the area over the lower Lake 
region, the Ohio Valley Pennsylvania, and New York during 
the 23d and 24th, probabiy caused by trim areas of low pressure, 
one central over the lower Saint La-ikUCe valley aud the 
other over Texas. Only slight changes of temperature occur. 
red over the first portion of itR course, and a fall of only 100 
waa noted over the New England States. 

VI.-The morning chart of the 26th Shows an area of high 
pressure ceutral in Montana, and extending southward over 
the northern and middle slopes of the Rocky Mountains, the 
ceu tral pressure inclosed b r  the isobar of 30.5. The area moved 
to the southeast, the pressure at the centre steadily decreasing, 
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falling slightly below the normal while Over the Ohio Valley 
Oh the %th, after which it increased, being 30.3 when the area 
PWed off the south Atlantic coast on the 30th. Light snoi 
w8a of frequent occurrence within the eastern limits of t h  
ads, and i t  was accompanied by it slight fall of temperatur 
OV6r the northern and middle slopes of. t+e Rocky Mountain6 
ani3 the greatest fall occurred over a limited area enibracini 
sonthwest Missouri and northwest Arkansas, which was abou 
200,'and reached the freezing point. 

' Nine well-defined areas of low pressure have been tracec 
during March, 1888, over the territory covered by tri-daily ob 
Bervntions. These tracks (see chart number i) as a genera 
thing conform to the usual direction of low areas. Two of thl 
Qea8 originated in the Gulf of Mexico, off t h e  coast of TexaE 

d moved in a northeasterly direction ; one, dewribed belov 
aa number iv, developed over the south Atlantic states ant 
moved in  a northeasterly direction doug the Coast, displayinl 
'emarkable energ1 ; one moved from the north Pacific corn 
to the southeast, changing direction to northeast when near thc 
Qirty-flfth parallel ; the remaining five were first observe( 
to the north of Montana, one moving eastyard, the other fou 
moving first to the autheast  changed direction to the westward 

resumed the southeast movement till near the thirty-ffftl 
? a l l e l ,  when the direction again changed to the northeast. 

The following table shows the latitude a1ldlongitude in whici 
area was first andlast obeerved,thelomest pressureobserrec 

Within each area, and the average vdo(:itY in miles per hour 

AREAS OF LOW PRESSURE. 

Number of area  

\ 

................. ................. ...................... 
.................... ............ 

................. 
3 3 ,  
4 5  1 

Averngo rate of progress, 34.5 miles per hour. 
%he following is tt brief doscription of each area, with the 

Qarked weather conditions prevailing daring each : . !-On the  10 p. m. chart of February 26th, the advance 
'Sobar of this area of low pressure a1W:ired over westerrj 
NOntana and Washington Territory.. The area moved east. 
ward, a t  the Rame time extending ral)ldlp southward, until 

the one hundred and second and one hundred and 
eeVenth meridian's, when its path changed to the southwest, 
It Was central near Salt Lake City, UtHll, on the morning 01 
the 28th, and moved slowly and irregularly to the southward 
Until.near the thirty-fifth parallel, ?hen It5 course was changed 

lto  the northeast. From the upper lake region it moved to the  
e&% and passed off the coast of the New England States on 
the morning of March 3d. The pressure a t  t h e  center fell ta  
as.34 at 3 p. m. of the 27th, but increased. to 29.5 at the suc. 
Ceding observation, remaining steady until the storm started 

northemt, when the pressure increased to 29.9. It was 
*mpanied by fair weather on the 27th and 28th, and on the 
29& hght snow occnrred over the northefn Slope of the Rocky 
'otWxbins. On the morning of' the 1st ra1p3.were general over 
t48. lower Missouri valley, the upper Mlsslssippi valley, the 
Ohlo valley, aiid the bake region, except 111 Minnesota, north- 
ern Wisconsin, and northern Michigan, where snow fell. Rain 
and 8nOw continued during the 2d over the upper Mississippi 
':!OF, the Ohio Valley, and the Lake region, aud began 
o'er the middle Atlantic and New E W m d  States. Dur- 
lng the 3d snow continued over the lower lake region, New xbrh and New England. On February 27th a remarlcable rim 'g twenty-four hours occurred 
Over the northern and midc/ "8 ' '"'Of t h e  Rocky Mountains. 

The +n$ &be m e  in temperature 

temperature of from 200 to 
_.._..__ &O n frap1dl CU 

4' Valentine,. ~ 1 0  p, < I  

\ 

69 
~~ 

amounted to 6 2 O  in eight hours. The warm wave moved to 
tho southeast during the 28th and 29th, causing a rise in tem- 
perature of from 20° to 30° over the central valleys. The tem- 
perature over the Lake region changed but slightly during the 
passage of the storm. The winds were generally light, excepting 
over the Lakes and on the New England coast on the 2d and 3d, 
where they reached velocities of from thirty to fortyfire miles. 

11.-On the morning chart of t h e  4th an area of low pressure 
was apparently central off the coast of Texas. It moved in a 
northeasterly direction and passed to the ocean from the coast 
of the south Atlantic states at 3 p. m. of the 6th. The pressure 
a t  the centre remained near 29.9, but decreased as the area 
approached the coast, the lowest pressure observed being 
29.74. The heavy rains whioh occurred in eastern Texas and 
Louisiana on the afternoon and night of the 3d were probably 
caused by the approach from the Gulf of this area of low 
pressure. The following heayy rainfalls were reported: 3d, 3 
p. m., Palestine, Tex., 3.04; 3d, 10 p. xn., Palestine, Tex., 
1.46; Shreveport, La., 1.42; 4th, 7 a. m., Vicksburg, Miss., 
1.60; 4th, 3 p. m., Palestine, l.O!!; the total rainfall for the 
storm being for Palestine, 6.62; for Shreveport, 3.88, and for 
Vicksburg, 3.44. I t  was attended by light winds and no 
change in temperature. 

111,-Thie storm was  central on the afternoon of the 7th 
over southwestern Idaho, and covered all of the United States 
to the west of the Bocky Mountains. It moved to the south- 
east, maintaining a pressure of 29.6 until near the thirty-fifth 
parallel, when the direction of movement changed to the 
northeast, and the pressnre a t  the centre increaged to 29.8. 
The 7 a. m. chart of March 11th shows a secondary depression 
(hereafter described a8 number iv) to have developed withiu 
the southern part of this area of low pressure. It disappeared 
to the northward after the 3 p. m. observation of the 11th. It 
was accompanied by rains over the Pacific slope and southern 
plateau on the 8th, by very light local snows over.the middle 
and southern slopes of the Rocky Mountains on the 9th, and 
by general rain over the upper Mississippi valler, the Ohio 
Valley, and the Lake region on the 10th and l l t h ,  except a t  
thb most northerly stations of the Lake district, where snow 
fell. The winds within the area were generally light, except- 
ihg over the Lake region on the night of the 10th and l l t h ,  
when velocities of from twenty-five to thirty-fire miles were 
sttained. A slight rise in temperature attended the move- 
ment of the area eastward, the greatest rise occurring over 
Kansas and Nebraska on the morning of the 8th, when i t  
imounted to 30° in twenty-fonr hours. The increase of tem- 
perature over the central valleys was generally not more than 
LOO, but a t  northern stations in the upper lake region amounted 
;o 20° in. twenty-four hours. 

1V.-The most severe storm of the month, and the most rio- 
ent that has occurred in the eastern portion of the Uuited States 
roar a number of years, was first observed a8 a feeble cyclonio 
listurbance central in northern Georgia on the morning of the 
l l t h ,  although the barometric disturbance within which this 
3torm developed had its origin in the north Pacific, where i t  
mw observed on the 8th. The 7 a. m. report of the 10th 
3xhibited an extended barometric trough, covering the central 
ralleys, within which heavy rains were reported from the Gulf 
:oast northward to Lake Superior, while areas of high pressure 
)overed the Atlantic coast and the northern Rock3 Mountain 
Segions, This barometric trough moved slowly eastward dur- 
u g  the loth, causing unusually heavy rains in the Southern 
states, and rain, followed by Snow1 in the Lake region and 
lhio Valley. The anti-cyclone which followed quickly t h e  
msuage of this barometric trough over the central valleys was 
itteiided by a cold wave, causing marked and sudden changes 
11 temperature within a few hours after the wind shifted to 
iorthwest. Thew contrasts of temperature are iudicated by 
beports on the afternoon of the loth, as follows: Oairo, Ill., 60° j 
Ipringfield, Mo., 24O ; Memphis, Tenn., 64O; Fort Gibson, Ind. 
C., 32O; Ohicago, Ill., 440; Keokuk, Iowa, 22O. These thermal 
:onditions existed when the barometrio trough extended h m  
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Louisiana northffard to Lake Superior, the barometer being 
lowest over Lake Michigan, where the primary storm was at 
that time central. During tlie 11th the nort.hern cycloliic diS- 
turbance moved northeastward and disappeared be~oud  the 
limits of the stations of observation, while the secondary dis- 
turbance moved eastward towards Cape Hatt.eras, N. c., and 
thence northeastward along the  middle Atlantic. coast, as in- 
dicated by the accompanying charts. As the centre approached 
the coast it developed great energy, causing destructive gales, 
which were attended by heavy rains southward of Virginia, 
and rain, turning to snow, from Virginia northward over the 
middle Atlantic states and New England. The accompanyiug 
table shows for stations east of the Mississippi t,he minimum 
barometer reported during this storm, the amount of precipita- 
tion ior each day from the l l t h  to 14tl1, the direction and 
maximum velocity o f  wind, together with the tota,l movement 
for the month and for the four days of the storm : 

Stntions. 

__ 

Nore.-At Bnndy Hook, n’. J., the efltimnted velocity of wind wns go inilea per hopr. 
*I.% inchos of rain fell o n  the  10th. t4.05 inches of rnin fell on the 10th. 

~~ 

The accompanying charts exhibit the barometric conditions 
existing a t  each of tho tri-daily reports during tho prevalence 
of the storm. With the addition of marine reports the cen- 
tre of this storm has been traced from eastern North Carolina 
northward to eastern Massachusetts, where it apparently at- 
tained its maximum euergy. The succeeding reports show that 
after the morning of the 13th there was an extension of the 
low area to the e:istward. 

When this disturbance reached the Atlantic coast, on the 
afternoou of the l l t h ,  two well-defined barometric depressions 
were observed, one central near Wilmington, N. C., and the 
other central to the north of Lake Ontario, the minimum ba- 
rometer observed in each being respectively 29.68 and 29.70. 
Theso disturbances were followed by an area of high pressure 
which extended from the Gulf coast to British America, causing 
cold northerly winds from the Mississippi and Ohio valleys to 
the Lake region. During the night of the 13th the storm- 
centre passed to  the east of the coast line, near Hatteras, N. 
C., attended by the most severe gales that have occurred 
during recent years ou the North Carolina coast. The wind 
remained southeasterly a t  Hatteras and Eitty Hawk, N. C., 
until about 8 1). m., when it shifted to the northwest, with in- 
creasing force. After the Centre passed mer t h e  Atlantic it 
apparently moved northward, becoming very contracted, and 
tlie bouuding isobars changing from an elliptical to a circular 
form as it approached the New England coast. The heavy 
snows and high winds attending this disturbance caused inter- 
ruption to telegraphic communication throughout the middle 
Atlantic and h’ew England St:lteS, the Signal Service being 
unable to  receive its regular tri-daily reports from the 11th 
until the 15th. Railway communication was generally inter- 
rupted during tlie 12th,-13th, and 14 th  in New York, New 
England, and eastern Pennsylrauia. After the centre reached 
onstern Massachusetts the baromete?’ rose rapidly to the west- 
ward, while the marine reports Ind!cate that the disturbance 
extended eastward over the Atlantic. A secoiidary disturb- 
ance, however, formed on the souther11 New England coast, and 
remained almost stationary during the 13th, thus accounting 
for the persistence of the stor1n and. the brisk and high ,south- 
easterly winds in tlio east 110rtlon Of Long Island, while strong 
westerly winds continued on the New York and New Jersey 
coasts. This secondary disturbance apparently passed east- 
ward on the 14th aud united with the ocean storm, near N. 42O, 
W. G O O ,  on the morning of the 16th, after which the general 
direction of movement \vas to the northeastward over the 
north Atlantic, attended bg COntlUUorls gales until the 19th, 
when it was last observed in N. 5G0, W. 27O. 

Table showing ?naxirnum bnro?nnehz’C gradient occurrilfg during the s t o m .  

Stntion. Bnrolnctcl. 1 Rnnge. Distnncc. I Grndimt. 
-_ ---- 

Block Islnnd ......... 
Now London . ... ., .. . 
Now Hnrrn. ... . . .. .. . 
New York ............ 
Albnny . .. .. . . . . . .... . 
Erie.. . . . . . . . . . . . . , . . . 

The following notes, made by SIgual Service observers, serve 
to illustrate the extent and severlty of this storm : 

Hatterns, N. C., 11th: light rain during mornin? and very heavy rain, with 
high wind, in the afternoon; 1.40 inches of rein fe 1 between 4 and 6.20 p. m., 
and n wind velocity of sixty miles occurred at 1o:ao p. m.; very high tide, 
nearly submer@ng the island. 

Chicamicomico, N. c., 11th: light southeasterly winds in morning, increw- 
ing t o  gale at 6 p. m.; calmed at 8 p. m.l  and afterwards backed to northwest 
and increased to strong gale, which continued throughout the 12th. 

Norfolk, Va., 11th: at 6.46 p. ni. the wind shifted to ilorthwst and a furious 
gale set in from that quarter and continued without abatement throughout the 
12th, the wind reaching a maximum velocity of sixty miles per hour. This 
storm wns one of the most violent that hns occurred here since the memorable 
storm of 1879. Many vessels at anchor in this harbor were blown whore and 
wrecked. at Hampton Roads a sloop was capsized and all on board perished. 

Cape kenry, Ira., 11th: southenst wind prevailed until 7.16 m., whon it 
sudden1 shifted to northwest a 4  with great violence; t%e storm con- 
tinued &ring the 12th with unab 

Baltimore, hId., 11th: light rr . qn, then heavy rain 
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u?til 6.50 p. ni.. when it chan ed to snow, accolnpnnied br high nortliwes 
WY'pd; in n short time telegraJiic communicntion wns cut i f f  with nearly nI 

The snow storm ended during the night of the 11-12th nnd wns fol 
by cold weather, the wind continuing from Ilol%hwest throughout thc 

12th (the maximum velocity being thirt three miles per hour) causing thc 
lowest tide for many years, tlie bottom o!%e herbor being exposed in mnnj 
Places. This sevcre storm caused an nlmost eutlre suspension of business 01 
the 12th. Reliorts from the surrounding country and from Chcsn1)enke Baj 
show the storm to have been very severe, nnd m a l 1 ~  vessels nrriving on thr 
!4th and 16th reported hnring experienced rcninrknblp rough wenther. Thr 
tide in Baltimore harbor did not resunie its no rm1  h g h t  until tlie 16th. 

Atlnntic City, N. J., 11th: rnpidly falling bnrometer nnd brisk enst wind ir 
afternoon; rain began nt 3.10 p. in., and durlllg the night of the 11-12tt 

turned to snow, the wind changing to northwest, and nt 1 a. m. incrensed tc 
a gale which continued until the morning of the 14th. The sloo s " Kep 
tune'' and "Alert " were blown from their nnchornge and suiik. !he lienvj 

Philadelphia, %a. 11th: light rain begnn nt 8.45 a. in., nnd durin tht 
evening changed to henvy rain; wind, northenst; .barometer fulling rnpidfy ; a( 
lJ.16 p. in. the heavy rnin chnnged to snow; wind, north. The storm con. 
tl?ued with great severity during the night of the 11-12t11, the fierce north 
Wind, blinding snow, nnd rapidly falling tein1)ernture enusin6 suspension 01 

Throughout the dny the Jvi!ld velocitv rnnged from 
thlny to sixty miles per hour, thc maximum occurring a t  1O.SO n. ni. The 
most enterprising street rnilwny compnnies were unable to resunie trnfic until 

At  the Breakwnter, out of forty yessels in tlie harbor on 
l l t h ,  only thirteen escnped damn e or destruction, and thirty or more 

lives were lost. The damnge snstnines by the Breakwriter nnd to mnrine in. 
?rests is estimated nt half a million dollars, but, ~ m t  Bp is this sum, it becomes 
'nconsiderable when compared with tlie losses Sustmed by the severnl rail. 
road companies, the least art of which, although P t ,  being the prolon ed 
Interruption to travel. TEis storm is considered t e niost disnstrous thnt fns 
ever visited this locality. 

New York City, 11th: cloudy in the morning; light rnin in afternoon and 
evenin ; at 12.10 8. ni. on the 12th rnin changed toasnow which continued 
througfout the day, accompnnied by high northwest 'v!ods, reuching n velocity 
Of fort eight miles per hour. Travel by street rallwky was entirely sus- 
PendeJ-by 7 n. m., and at some points the gno'v drifts were from fifteen to 
twenty feet deep. On the 13th li ht  snow fell In the eayly mornin and at  in- 
tervals during the afternoon nn8 evening, accomwnied by h i j i  westerly 
mnds. This storm is generally considered the severest ever experienced 
here. . Albany, N. Y., 11th: rq)idly fallin barometer with brisk south wind back- 
% t? wester1 , nnd flurries of snow juring the day. Henry snow fell during 

night of t i e  11-12th, and drifted so ns to render travelling difficult. At  7 
* m. snow drifts were froni three to four feet de39  and nfter 10 p. ni. it  wns 

T;angerous for persons to ventlire out of doors. le storm continued on the 
lath, but with less violence nnd ended on the m0rnW of the 14th. Ifearly 
fofiY-seven inches of snow !ell during the storln. 

Oswego, N. Y. 11th: rain, snow, and sleet prevqiled at  interrnls until 3.40 
m., wheli stendy snow set in and continued nt:ntervnls until the night of 

the 13-14th, the wind reaching a maximum velocttS of thirty-nine miles per 
'our: -. at 10 p. in. 011 the 13th. The snow wns badly drifted by high winds, 

olnts. 

enused delu of trains. 

rnilwny traffic. 

of the 13th. 

henvy gnles, reaching a maximum velocity of fifty-four miles north between 4 
nnd 6 p. in. n. in .  nnd turned to snow at 7.16 nnd 
lasted nll duy. 13th, the barometer showed n slight rise at  7 a. 111. nnd con- 
tinued to rise all day, with strong tiortllenst nnd east gales, reuching a velocity 
of sixty miles. All railroads were blocknded nnd telegraph communication 
wns cut off. 14th, wind bncked from northenst to northwest, niodernte in 
force. maximum velocity thirty- four miles; trnins still unable to move; many 
vessels left port in the nhernoon. Reports show thnt the storm wps of unusual 
severit at points south and west of here. 

Portfand, Me., 12th: brisk to hi h enst. shifting to  northeast winds, with 

1). in.; this wns one of the severest Storms of the winter at  this place and ren- 
dered trnvelling difficult. I'elegrnph.lineswcre prostrated and rnilronds blocked. 
Hi h southeast and enst winds continued on the 13th. 

hastport, Me., 12th; rapidly falling bnromcter; gnle began at 9.05 a. m. 
nnd continued until enrly a. in of the 14th, rescliin its mnsinium velocity, 
seventy-two miles enst, nt 6.18 a. ni. 0:' the 13th. h i s  wns 'the most severe 
storm that hns occurred here since April, 1873. 

The following interesting report concorning this storin has 
been thrnishod by Professor Upton : 

Light rnin begnn about 

light to henvy snow ; mnsirnum win s velocity, forty-two miles northeast, ut 10 

PtlOVInESCE,  R. I., A p d  20, 1888. 
The CHIEF SIGSAI, OFFICER, 

DEAR SIR : I linre the honor to conilnullicnte to you the following summary 
of m y  study of tlie storm of March l1-14th9. in ndvnnce of its publication, that . y make whatever use you wish of It 111 the preparntion of the hIoxTiiLY 
~:;:;>ER REVIEW: 

1. Path of the slorm-By charting the bnrometric and wind reports from 
Xew Englnnd nnd from vessels off the coast, I find that the centre wna near 
Jinrthn's Vineyard, hinrch 12th, 10 P. then moved northwestward, nnd 
thnt the cyclone ceased to have n defill!te existence on the 14th over Con- 
necticut. This pnth I nscribe to the mnlll centre itself rather than to an off- 
shoot, as T cnn find no indicntion of the  contimed advance of the storm-centre, 
esce t ns nbore, from the ship repprts at hand, kindly transmitted to me by 
the s. S. Hydrogrnphic Office. It 1s Probable, however, that a second centre 
formed off the coast on the 14th  as tI!e barometric indications in the nfter- 
noon of thnt dny point to n low area the ocean. I beg leave to inclose 
ma s showing the isobnrs drawn for the lmportnnt times illustrnting the above 
pntRs. ' 

2. Cold wave.-The above deflectioll was due to the simultaneons arrival 
in New Englnnd of a cold wnve, whlcfi a!so censed to maintain ita inde en 
dent existence over Connecticut. I add isotherms to the above maps, d i c h  
illustrate this fact. From the deadly encounter of the cyclone and cold wnve 
neither combatnnt recovered. 

3. A.ecipilation.--This wns exclusiVFlY Snow in the western mea, where 
the cold wave ndmnccd, rain rind 8 1 1 0 ~  111 t!le eustern nrea. I have collected 
four hundrcd and twenty reports of the.estlmnted depth of snow, from which 
the inclosed map is constructed. While the estimntes of snow, so badly 
drifted (mnn drifts were twenty to forty feet high b actual mensurement), 
ire necessnrigr roil h, I find n good agreenieiit in neighoring estimates, some 
Df which were mn%e in the woods, and others confirmed by the lnrge amount 
3f water obtained by melting. I place, therefore, considernble confidence in 
the lines drnwn, ns showing, ap roxlmntely, tlie distribution of the snow. 

inches, nre drnwn. From the retprns. Of rain nnd melted snow, I ndd to the 
innp dotted lines showing the distrlbutlon of the total precipitation in the re- 
i o n  enst of the mnximnm snow area. I have not attempted to draw thes? 
tries in tlie region where the snow wm heavy and badly drifted. The maxi- 
mum re  orts of to td  precipiktion me: Albany, 3.63 inches; New Haven, 
i.50 incies; Wnlliiigford, 5.47 Inches; >fiddletown, 6.78 inches; and, also, 
Tor this region Setuuket, Long Tslaild, 3.85 inches; Hnrtford, 2.69 inches. 
rhe  map shows u minimum snoy nrea llenf Hnrtford. 

The explnnntion of the excesslye Preclplhtion is y b a b l y  the great cooling 
if nir alrend snturnted. A cooling of 26' Fnhren eit would caiise the pre- 
:ipitntion to %e doubled, and thi! is f?llnd to .be the cnse by comparing the 
)rccipitution where most excessive with that in the enstern pnrt of the district 
sliere the nir wns but little nffected by the cold wave. 

I beg to nckowledgc the courtesy shown in ordering the observers of the 
jigna1 Service to send me speclal.re 0rt.s of the storm. Any of the data 

4n article ivin the results of our 1?"estl ation, of which the above is a sum- 
iinry, will f e  p5lished in the American fIeteorologica1 Journal for May. 

U'asWiiigtoii, D. C. 

Two mnsinium nrens, iu which t \ e nrernge depths of snow excceded forty 

vhich tlie New Ihglnnd Neteorologlcn P Society hee collected is at your service. 

1 hnve the honor to remnin, 
YOUPS, very respectfully, 

IVINSLOW UPTON, 
Secretary hrm England Ndeorobgical Society. 

Chnrt number v, showing the nmount of snowfall, has been 
wepared by Professor Upton, ani1 is of especial interest. 

Fig. 1 indicates tho barometm couditions within this storm 
I t  10 p. in. of tho 12th, RS shown by a plane passing through 
,110 axis of the storm in a nortlleasterly direction. This section 
jxtends &om Lyuchbnrg, V?, to Halifax, N. S., and the curve 
;]lows the barometric readlugs along the liue at the hour 
it3ed above. 
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and on t h e  25th over all districts east of  the Mississippi ltirer, 
except t h e  Kern England States, arid continued during the 26th. 

MONTHLY WEATHER REVIEW. 

respectively, during the l l t h ,  12tl1, 13th, and 14th. 
V.-During the 16th a decline in pressure over tho north. 

west indicated the approach of :in area of low pressure, which 
was central over Dakota a t  7 a. xn. of the 18th. tlie central 
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rise being in the northwest, diminishing as the storm pro- 
gressed eastward. The wiuds were light to fresh, except Over 
the Lakes, where maximum Velocities of thirty miles or more 

Fig. 2 indicates a similar section a t  7 a. m. of the 13th, cut 
by a plane passing tlirough tlie axis 0 1  the storm in an east 
and west direction. This sharp curve serves to shorn the unu- 
sually steep barometric gradient which existed between Block 
Island and New York when t h e  storm reached its maximum 
energy. 

Figs. 3 and 4 represent sectious of storm a t  3 p. m. and 10 
p. m. of the 13tli, cut by a plane similar to that described in 
Fig. 2, aud serve to indicate the forniation of the slight de- 
pression which existed to the westwarcl of the ceutre of tlie 
principal disturb:mce, as indicated by the previous 7 a. ni. 

pressure iuclosecl by the isobar of20.4. It moved i;i 8 direction 
west of south, and a t  10 p. xn. was central over Colorado, Las 
Animas reporting 8 pressure of29.06, t h e  lowest that occurred 
during the disturbance. A trough of low pressure extended 
northeast to Lake Superior. A marked rise in temperature, 
ranging from 20' to 30' in twenty-four honrs, occurred orer the  
Missouri Valley, the upper Mississippi valley, the Lake region, 
and the Ohio Valley during the 18th, and t h e  first precipitation 
of the storm was reported a t  10 p. m. of that date from a fern 
stations in the northern and middle slopes of the Rocky 
Mountains. 

During the 19th the storm moved northeast to Lake Supe- 
rior, accompanied by a still further rise i n  temperature over 
the Lake regiou and the Ohio Valley; rain became gen- 
eral within the limits of the area, continuing during the re- 
mainder of its course, and the pressure increased at the centre 
to 29.4. At 10 p. m. of the 20th the centre was located to the 
north of Lake Ontario, a trough of low pressure extended 
southward to Tennessee, and the area described as nuuiber vi 
was central over Lake Superior. The following chart S ~ O W R  
that the two nreas had combined into one area nearly circular 
in sliape, central over Lake Erie ; Erie, Pa., reporting a pressure 
of 39.14. Severe gales prevailed over the Lake region ou the 
ZOth, 21st, :ind 22d. It moved with illcreasing pressure slomly 
and irregularly northeastward to the Gulf of Saint Lawrence, 
cansiug severe gales along the micltlle Atlantic and New Eng- 

. land coasts on the 22d and 23d. The maximum temperatures 
of the niontli occurred sliglitly iu  advance of t h i s  storm a t  
most stations in Montana on the 17th ; a t  all stations in Dakota 
on the lGth, 17t11, and 18th ; over Minuesota, except a t  Duluth, 
on the 18th ; over northern Wyoming ; over Nebraska, except at 
North Platte on the 17th and 18th; over Kansas, except a t  
Dodge City, on the 18th ; over tlie Ohio Valley north of the 
Ohio River, except at Cincinnati ; and over the Lake region on 
the 19th and 20th; also a t  Knoxville, Tenn., on the 20th, a t  
Lynchburg, Va., on tho 21st, aud at several stations in New 
England, on the 21st and 22d. 

VI..-This area of low pressure was first observed on tlie 
afternoon of the 19th, extending southward over the northern 
slope of the Rocky Mountains. The area moved eastward, its 
centre remaining to the north of the region of observation 
until 10 p. m. of the 20th, when i t  was central over Lake 
Superior, and at the following observation it had combined 
with the area of low pressure described above as nnmber v. It 
was attended by a slight rise in temperature over Montana, 
Dakota, and Minnesota. Fair weather prevailed within the 
area until 3 p. m. of the 20th, wlien l igh t  snows occurred in  
Minnesota. The wind attained velocities of lrom thirty to 
forty miles on tlie 20th. 

VI1.-This depression was central north of 3font:ina a t  3 p. 
m. of the 22d. It moved in a southeasterly direction until the 
afternoon o f the  2Gth ; when ceutral uear the thirty-ffiird par- 
allel the direction chitwed to northeast, and i t  passed to tlie 
northward of the region of observation after 10 p. m. of the 

occurred. 
VIIL-This depression apparently formed over the Gulf of 

Mexico on the edge of the preceding area. It moved lapidly 
to the northeast. At  3 p. m. Of the 28th the isobar of 29.8 
inclosed a narrow trough extending along the Appalachian 
Mountaius from t h e  Gulf of Mexico to the upper Saint Law- 
rence valley. Becoming nearly circular in shape the area 
passed to the Gulf of Saint Lawrence, the pressure having de- 
clined to 29.28 a t  Anticosti at 3 p. m. Of the29th. Rain, which 
had begun under the influence of the preceding area of low press- 
ure, was contiuued Over the eastern Gulf states, the south and 
middle Atlantic states, the upper Ohio valley, and thelower labe 
region from the 26th to the 29th, some stations in the easte1.n 
Gulf and south Atlantic states reporting unusually heavy raill- 
falls. 

The following are some of the special rainfalls reported: 26th, 
3 p. m., Pensacola, Fla., 2.14; Montgomery, Ala., 2.01; Atlanta, 
Ga., 1.10; Charleston, S. c., 0.60- 26th, 10 p. m., New Or- 
leans, La., 1.02; Mobile, Ala., 0.82; Pensacola, Fla., 0.94; 
Charleston, 5. C., 1.02. 27th 7 a. m., Montgomery, Ala., 2.25. 
27th, 3 p. m., Montgomerx, Ala., 2.18; Atlanta, Ga., 1.40. 
%th, 3 p. m., Atlanta, Ga., 1.14. 29t11, 3 1). m., Raleigh, N. 
C., 1.01. The winds were gellerally light to fresh, but attained 
velocities of twenty-five to tllirty miles on the coast of the 
south Atlantic states on the 29th. 0111s a slight rise in tem- 
perature occurred to tlie east of the Appalachian Mountains, 
while a fall of loo to 20' occllrred to the west, owing to the 
approach of a high area froin that direction. 

The m:iximum temperature Of the month occurred a t  many 
3tations in the south Atlantic and east Gulf states on the 28th 
tncl 2Utll. 

IX.-This area was apparently central to the north of Montana 
it 3 p. m. of the 27th. I t  xnovod to the southeast until contra1 
lear t h e  one hundred arid fourth meridian wlien its path curved 
;o the northwest, and the area was central near Spokane Falls, 
Wash., where the pressure was rwqrted 29.54, the lowest dur- 
ng itscontinuance. Prom this position it again moved south- 
?a&, the central pressure increasing to 39.8, and the direction 
:hanged near tho fortieth parallel t,o &lightly north of east. It 
was accompanied by light minds, with occasional light snows, 
iver the northern slope on the 27th and 28th. Precipitation was 
rery light over the Ollie Valley, the Lake region, and the New 
England States. The temperature rose slightly in advance of 
;he area, in ouly a few instances amounting to as much as 200 
n twenty-four hours. During the prevalence of the area the 
naximum temperature of the month occurred a t  a number of 
itations along the Atlantic coast ou tlie 31st. 

Under the influence of au area of low pressure central on the 
:oast of Washington Territory on tho 31st (which will bo de- 
icribed in the April REVIEW), the maximum temperature of 
,ho ruontli occurred Over southern WyomiXlg, Colorado, New 
\foxico, Intlian Territory, Texas, except along the Gulf mast, 
lirkansas, and ~ o i ~ t l i e r ~ i  Missouri on the 31st. Fort Elliott, Tex., 
.eported a higlier m:ixilniim temperature than was ever before 
hserved a t  that station in March. 
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